Objective: To investigate the relation between maternal smoking habits, plasma lipids and milk fatty acid (FA) content and composition. Design: Breastfeeding mothers who gave birth to healthy, full-term infants were recruited. Mothers were interviewed on smoking habits, being defined smokers (S) when usually smoking at least five cigarettes per day before pregnancy. Setting: Department of Pediatrics, San Paolo Hospital, Milan, Italy. Subjects: In total, 92 mothers: 61 non-S (NS) and 31 S. Interventions: Pooled hindmilk was collected at the first raise of milk (colostrum stage), 1, 3 and 6 months, and total lipid (TL) content and fatty acid (FA) composition were evaluated. Maternal dietary habits were assessed by a food-frequency questionnaire. Two subsamples (16 NS, 6 S) were investigated after delivery and at 3 months for serum lipids and FA status. At 6 months after delivery, the number of mothers still breastfeeding decreased to 30. Variables were compared using nonparametric tests. Results: In smoking mothers serum levels of triglycerides, cholesterol and low-density lipoproteins were higher, while those of high-density lipoproteins were lower. TL content in breast milk was similar in the two groups just after delivery but higher in milk from NS at 1 month. TL content and FA absolute amounts of linoleic, arachidonic, a-linolenic and docosahexaenoic (DHA) acid in breast milk were lower in S vs NS 1 month after delivery. Also 3 months after delivery, the breast milk of smoking mothers contained less DHA than the breast milk of nonsmoking mothers. Conclusions: Maternal cigarette smoking in early pregnancy is associated with higher plasma lipid levels and lower milk TL and DHA content in the first months of lactation.
Introduction
Human milk is considered the ideal food for healthy infants and meets the infants' nutrient requirements during the first 4-6 months of life. During this crucial period of rapid body growth and development, infants accumulate 1500-1600 g of lipids, mainly fatty acids (FA), representing about 90% of all energy retained in their growing tissues (Martinez et al, 1992) . The accumulated FA may serve as exchangeable energy stores in adipose tissues. Among the constituents supplied by milk to the infant, long-chain polyunsaturated fatty acids (LCPUFA) after incorporation in biomembranes contribute to modulate their properties and functions (Kurlak & Stephenson, 1999) . FA of the n-6 and n-3 series, in addition to structural and functional roles, modulate the synthesis of lipid mediators (Lands, 1986) . Among n-3 LCPUFA, docosahexaenoic acid (DHA, is of particular interest for the documented association between postnatal supply and neurodevelopmental performance (Agostoni et al, 1995) .
Both total lipid (TL) content and the proportion of individual FA in milk are nutritionally relevant, and may be affected by various factors (eg stage of lactation, gestational age at birth and parity) (Jensen, 1996; Michaelsen, 1997) .
It is generally agreed that maternal smoking is associated with a negative impact on the outcome of the offspring, in terms of growth and neurodevelopment, and particularly with a lower rate of intrauterine growth, resulting in a lower birthweight and growth retardation, at least in the first periods of extrauterine life (Vik et al, 1996; Lassen & Oei, 1998; Sommerfelt et al, 2000) .
Whether the effects of maternal smoking on postnatal infants' growth are mediated by changes in milk composition, in particular of the fat component, is not known. Infants born to mothers who smoked and/or consumed alcohol during pregnancy show a particular pattern of circulating LCPUFA, suggesting a lesser degree of metabolic utilization of DHA (Smuts et al, 1999) . Studies reporting on the association between maternal smoking habits and human milk composition are not available yet.
The aim of the present study is to evaluate possible differences between smoking and nonsmoking mothers in serum lipids and milk fat composition.
Materials and methods
In total, 95 mothers were recruited in our maternity ward and entered the study with their infants according to the following criteria: Caucasian parents, gestational age 37-42 weeks, singleton birth, birth weight 42500 g, no neonatal disease or congenital malformation. Exclusion criteria were dysmetabolic and chronic disorders, mother drug user and infants with an Apgar score lower than 7 at 5 min.
The primary aim of the study was to evaluate the milk FA composition and content through extended lactation (Marangoni et al, 2000) . Mothers gave informed consent and the design was approved by the Institutional Ethical Committee.
Smoking habits of mothers who gave informed consent at recruitment were collected through a questionnaire administered by one investigator, focusing on smoking before and during pregnancy. A mother was defined as S when regularly consuming at least five cigarettes per day before being aware of her pregnant status. NS had to never have smoked. It has been shown that retrospective information on smoking habits can be accurately obtained independently of recall time (Kesmodel & Olsen, 1999) . Since the observations here presented are just explorative and were not among the primary aims of the survey, we did not plan any objective control of cigarette consumption through biological markers.
The following data were further recorded: birth date, maternal age, educational level, family social status, maternal weight increment during pregnancy and maternal standard (prepregnancy) body weight and height. The maternal educational level (number of school years) and familial social status were coded according to the Italian Census.
The infants were followedup from birth to 12 months of age. Growth parameters (weight and length) were measured at birth and ages 1, 3 and 6 months with standardized techniques for all subjects. The naked infant was weighed on an electronic Sartorius scale accurate to 75 g. Mothers also had to weigh their infants by means of similar electronic scales before and after each meal the day before the visit in order to quantify the milk intake. Crown-heel length was measured on a portable measuring board to the nearest 0.1 cm. All measurements were performed by experienced personnel (pediatricians and trained nursing staff).
Maternal dietary habits through the previous 3 months were assessed by means of a validated food-frequency questionnaire (Pisani et al, 1997; Trevisan et al, 1992) at delivery, 3 and 6 months afterwards. The rate of maternal response was 90% (n ¼ 83) at colostrum time (first day of the milk raising) and 100% at each of the following assessments respectively.
Participating mothers were encouraged to maintain breastfeeding for as long as possible and were instructed to express milk at the end of each feed (hindmilk) over a 24-h period into sterile polypropylene vials the day before the clinical control of the infants. We have chosen to analyze hindmilk lipids because it has been shown that the percentage composition of human milk fatty acids does not change during a single feed nor undergoes diurnal variation (Gibson & Kneebone, 1980 ) and hindmilk has a higher total fat content (Herzer et al, 1983 , Marangoni et al, 2000 . Pooled milk was collected from all the feedings over 24 h at the first raise of the milk after delivery and at 1, 3 and 6 months. At each collection mothers were interviewed on their breastfeeding practice. Milk samples were immediately frozen and delivered to us into thermic bags the day after collection. Aliquots of each meal were then pooled, TL were extracted and analyzed for FA composition and content.
From 22 mothers (6 S, 16 NS) who gave consent also to sampling, blood was collected after an overnight fasting at colostrum time and 3 months. Serum total cholesterol (TC), triglycerides (TG) and high-density lipoprotein cholesterol (HDL-C) were measured by standard enzymatic methods while low-density lipoprotein cholesterol (LDL-C) was calculated by means of the Friedewald equation (LDL ¼ TCÀ(HDL þ TG/5)) (Friedewald et al, 1982) .
Plasma and milk TL were determined gravimetrically after extraction with chloroform-methanol (2:1) containing butyl-hydroxytoluene as antioxidant, according to Folch et al (1956) . Milk and plasma FA were analyzed as methyl esters by gas chromatography using an SP-2560 Supelco capillary column (100 m length, 0.25 mm ID, 0.2 mm film thickness) with programmed temperature (from 150 to 2201C), after addition of an internal standard for quantitative analysis.
For the purposes of the study the following FA have been specifically considered: linoleic acid (LA, 18:2 n-6), a-linolenic acid (ALA, 18:3 n-3), arachidonic acid (AA, 20:4 n-6) and DHA.
Comparisons between smoking and nonsmoking mothers were performed for continuous variables by the MannWhitney U test (between group-comparisons), and the Wilcoxon test for paired data within each group (S and NS). For category variables the w 2 test or Fisher's exact test were used as appropriate. A P value lower than 0.05 has been considered as significant.
Results
In total, 95 mothers were recruited for the study. Three mothers could not be properly classified since they reported to have just occasionally smoked through the pregnancy. Among the remaining 92 mothers, 61 were NS and 31 S. A total of 21 stopped smoking by the fourth month of pregnancy, eight reduced smoking during pregnancy and two did not modify their smoking habits. These 10 mothers did not change further their smoking habits during lactation. There was a progressive reduction of the number of breastfeeding mothers to 63 at 1 month (43 NS, 20 S), 50 at 3 months (35 NS, 15 S) and 30 at 6 months (22 NS, 8 S). The basic characteristics and the trends in milk fat content and composition in the nonsmoking and smoking mothers completing the 6-month follow-up showed that they were representative of the initially recruited mothers.
As to the basic characteristics (Table 1) , smoking mothers had a higher prepregnancy body weight (P ¼ 0.02) and showed a trend of major weight gain during pregnancy (P ¼ 0.06). The weight of all infants was adequate for gestational age, and no difference in infants' anthropometrical characteristics was found between the two groups at birth and throughout the 6-month follow-up (data not shown).
The maternal dietary macronutrient intakes recorded at birth, concerning the last trimester of pregnancy (Table 2) , were not different in the two groups. At the postdelivery assessments, smoking mothers had lower energy intakes at 3 months (P ¼ 0.02), and higher protein (P ¼ 0.02) and lower monounsaturated fat (P ¼ 0.03) intakes at 6 months. As to the intakes of TL, PUFA as % of total FA (Table 2) and micronutrients (calcium, phosphorus, iron, zinc, vitamins A, B1, B2, B6, B12, C, D and E, data not shown), no significant between-group difference was found at any time point. As far as specific food items, the average servings per week of fish, the main source of DHA, are reported in Table 2 . No between-group differences have been shown at any time point.
At colostrum time serum TC and LDL-C were higher in smoking mothers (Table 3) . These lipid fractions, together with TL and TG, significantly declined at 3 months in both groups, but decrements were lower in the S group, and therefore between-group differences persisted. In contrast, HDL-C concentrations increased significantly only in NS as reported in a preliminary communication .
Changes in milk PUFA percentages showed similar trends in both groups throughout lactation (Table 4 ). In essence, data on the FA composition of milk lipids from smoking and nonsmoking mothers showed that although they modify at various periods of lactation as already reported (Marangoni et al, 2000) , they do not significantly differ, as percentage, at any time point between the two groups. Only DHA percentage levels are significantly lower in milk from smoking mothers at 3 months of lactation.
The concept of FA percentages is different from that of absolute amounts expressed as g and/or mg per dl of milk (Marangoni et al, 2000) . Indeed, as regards the absolute Milk fats in smoking mothers C Agostoni et al amounts of total lipids and PUFA (Table 5) , TL content was similar at colostrum time in both groups but, while steadily increasing afterwards, was lower in smoking mothers (P ¼ 0.01) at 1 month (ie the most active period of lactation). At the subsequent time points TL remained quite stable in NS. The amounts (mg/dl) of the essential PUFA (LA and ALA) increased also significantly in both groups through 1 month but were lower in milk from S compared to NS (P ¼ 0.03 for LA and P ¼ 0.02 for ALA, respectively). AA and DHA absolute amounts also increased after the first day in both nonsmoking and smoking mothers, but the increment was more marked and significant in NS resulting in between-group differences for AA at 1 month (P ¼ 0.04) and for DHA at 1 month (P ¼ 0.04) and 3 months (P ¼ 0.02) respectively. TL, PUFA and LCPUFA content and percentages from the eight smoking mothers who stopped smoking at the end of pregnancy, from the 2 S who did not modify their smoking habits during lactation and from the 21 S who followed the advice not to smoke in early pregnancy, did not differ (data not shown).
The mean daily intakes of fat and PUFA by the infants from smoking and nonsmoking mothers were calculated from the PUFA amounts in milk, the daily milk volume and the infant weight at the different timepoints (Table 6 ). While a general trend of reduced intakes for fat and all PUFA is clear for infants breastfed by smoking mothers, only the amounts of DHA were significantly lower in S vs NS at 1 and 3 months.
Discussion
Even if the issue presented here was not the primary aim of our investigation, our findings gave us the opportunity of a first, preliminary observation of the association of maternal smoking habits with milk fat content and composition. While the impact of cigarette smoking during pregnancy on fetal growth and development is documented (Vik et al, 1996; Lassen & Oei, 1998; Luciano et al, 1998; Sommerfelt et al, 2000) , no studies have investigated its effects on milk fat composition and maternal lipid profiles during lactation. It is well known that milk fat content and composition affects the supply of individual fatty acids to breastfed infants, thereby modifying their energy intake and as a consequence developmental processes too (Farquharson et al, 1992; Makrides et al, 1994) .
Although, according to our dietary assessment, the quality of fat intake was not significantly different in smoking and nonsmoking mothers, some minor differences were present, even if significant only at 3 months. In general, smoking mothers showed a trend towards lower energy intakes throughout the 0-6 month lactation period. Our sample of smoking mothers had a peculiar characteristic, since they were even heavier than NS at baseline. This observation could be interpreted as a marker of major attention to healthy food habits in the nonsmoking group: indeed there was a mild, though nonsignificant, increase in fat and saturated fat intake in smoking mothers at the end of pregnancy. (2) 14 (2) 14 (1) 14 (2) 15 (2) 13 (2) ** Carbohydrates% 51 (7) 48 (7) 49 (7) 46 (8) 49 (6) 47 (6) Lipids% 32 (5) 33 (5) 38 (7) 40 (8) 37 (6) 40 (6) Sat% 13 (3) 13 (3) 13 (3) 14 (3) 13 (2) 13 (2) Monounsat% 14 (3) 15 (3) 16 (3) 17 (5) 15 (3) 18 ( .05 within-group significant difference with day 1 (Wilcoxon test for paired data). ** Po0.05 NS vs S between-group significant difference (Mann-Whitney U test). A combined effect of diet and metabolic interactions in determining the lipid and FA status of smoking mothers has been suggested (Ma et al, 1995; Simon et al, 1996) . It has been demonstrated that nicotine directly affects the activity of lipoprotein lipase of human adipose tissue (Chajek-Shaul et al, 1994) and exerts a hyperlipidemic effect by increasing the synthesis and secretion of lipoproteins (Ashakumary & Vijayammal, 1997) . Nevertheless, after stopping smoking, serum HDL-cholesterol increases in parallel with the decrements in circulating levels of nicotine and its by-products (Nilsson et al, 1996) . As to the effects on the status of individual FA, smoking habits have been associated with a reduction of plasma PUFA levels in humans, more pronounced for the n-3 series (Leng et al, 1994; Simon et al, 1996; Brown et al, 1998; Shahar et al, 1999) , and these modifications have been interpreted as a consequence of reduced synthesis (Pawlosky et al, 1999) .
At colostrum time serum levels of TC and LDL-C were higher in smoking vs nonsmoking mothers, while HDL-C levels were lower. During the 3 months lactation, TL, TG, TC and LDL-C decreased in smoking and nonsmoking mothers. Decrements of serum TC and LDL-C were similar in both groups, whereas the reduction in TG was not so pronounced in S as in NS (À43.0 vs À69.4% respectively). In contrast with changes in the other lipid/lipoprotein classes, HDL-C levels increased in both smoking and nonsmoking mothers with a greater increment in the nonsmoking group. Comparing the changes in the two groups, it appears, however, that TL, TG, TC and LDL-C were higher and HDL-C lower respectively in S vs NS, at both timepoints. These data confirm the associations between smoking habits and a serum dyslipidemic profile (Rigotti & Pasternak, 1996; Villablanca et al, 2000) .
In parallel with the reduction of maternal serum lipids, in particular of TG, increments of total fats and consequently of individual FA, occurred in milk. However, the increments of TL and PUFA were lower in milk from smoking mothers, and this difference was more pronounced for DHA. Therefore, it seems that DHA levels in breast milk are negatively affected in smoking compared to nonsmoking mothers. Finally, the daily pro kg intake of DHA from milk of the 0 to 3 month period is clearly reduced in infants from smoking mothers.
The maternal dietary pattern in our study does not justify the differences in milk PUFA content. Indeed, minimal differences in the quality of dietary intakes have been found in the two groups. It has been shown that only 30% of dietary PUFA is directly transferred into milk, most FA deriving from endogenous stores (liver, adipose tissue) (Hachey et al, 1987; Demmelmair et al, 1998) . Consequently, any difference in composition could be due to changes and differences in the metabolic pathways of fat metabolism including liver handling, disposal in stores and/or use of fat, individual fat families and individual fatty acids in energetic pathways. We stress that we were not able to find any difference in milk fatty acids between actual smoking mothers and those who stopped smoking during pregnancy. These observations suggest a protracted effect of smoking before pregnancy throughout lactation, thus affecting both intrauterine fat accretion and milk fat content . We now need studies looking at the effects of smoking habits on lipid and FA metabolism and including precise biological markers to monitor the smoking behavior.
In conclusion, milk fat content and composition, particularly concerning DHA, seems to be negatively affected by maternal smoking and may be associated with an unfavorable serum lipid picture. Table 6 Daily intakes of total lipids and major PUFA pro kg of body weight calculated for breastfed infants from smokers (S) and nonsmokers (NS) throughout 6 months of lactation; median (range) NS (61) S (20) NS (43) S (15) NS (35) S (8) NS (22) 
